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(54) Supervisory control plane over wavelenght routed networks 



(57) . A dedicated IP-based wavelength routing/sig- 
naling control plane for optically switched network, is 
provided. The IP-based control plane is an out-band 
routing/signaling mechanism and does not require opti- 
cal-electrical-optical (OEO) conversion. The control 
plane can accommodate the various network topologies 



of the data plane and if one of the supervisory, or control 
channel fails, the IP-based control plane can re-route 
the traffic to destination. Using non-broadcasting ad- 
dressable protocols the control plane selects a different 
path to re-dlrect the control information without declar- 
ing the whole communications trail down and without af- 
fecting the client traffic over the data path. 
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Description 

BACKGROUND OF THE INVENTION 

Field of Invention 

[0001 ] This invention relates in general to supervisory 
functions in a communications network, and in particular 
to a dedicated supervisory control plane over wave- 
length routed networks. 

Related Art 

[0002] Optical networks are comprised of functionality 
providing transport, multiplexing, routing, supervision 
and survivability of client signals that are predominantly 
processed in the photonic domain. Generally, the func- 
tional architecture of optical networks includes the opti- 
cal rietwork layered structure, the client/server layer as- 
sociation, the network topology, and the network layer 
functionality. In the following description, optical signals 
are characterized by wavelength, or a central frequency, 
and may be processed per wavelength, or as a wave- 
length division multiplexed group of wavelengths. 
[0003] The optical transport network is subdivided in- 
to in dependent transport layer networks where each lay- 
er network can be separately positioned in such way so 
as to reflect the internal structure and functionality of this 
particular layer network. 

[0004] The layered structure of the optical transport 
network is comprised of the optical channel, the optical 
multiplex section, and the optical transmission section 
layer networks. The optical layer network provides end- 
to-end networking of optical channels for transparently 
conveying client information of varying format. The role 
of the layer network is to provide the connection ar- 
rangement for flexible network routing, the overhead 
processes for ensuring integrity of the optical channel 
specific infonnatlon, as well as the optical channel su- 
pervisory functions. 

[0005] The supervisory channel functions enable net- 
work level operations, administration, and maintenance 
(GAM) functions such as connection provisioning, qual- 
ity of service (QoS) parameter exchange, optical per- 
formance monitoring, and network survivability. 
[0006] The optical channel layer network provides for 
transport of digital client signals through an optical chan- 
nel trail between access points. The characteristic infor- 
mation of an optical channel layer network is composed 
of two separate and distinct logical signals: a first data 
stream that constitutes the adapted information of a cli- 
ent layer network (customer traffic), and a second data 
stream that constitutes the optical channel trail tennina- 
tion overhead (GAM traffic). The channel trail tennina- 
tion overhead provides validation of connectivity integ- 
rity, assessment of transmission quality, and transmis- 
sion of defect detection and indication. 
[0007] "Lucent Technologies" has proposed the use 



of a "digital wrapper" (the TDIVl technology) to process 
optical overhead information in the digital domain. The 
TDM overhead information includes an indication re- 
garding the optical perfonnance parameters. This digital 
wrapper needs Optical-Electrlcal-Optical conversion 
and monitoring of the control functions must ne per- 
formed at each point of the network where traffic is add- 
ed or dropped. 

[0008] The drawback of this approach Is the additional 
costs and limitations added to the Implementation of the 
all-optical, or pure photonic switched network. It also de- 
grades transport transparency of all-optical networking 
and causes increased intenworking complexity for non- 
TDM traffic such as Gigabit Ethernet and Escon signals. 
[0009] The optical transport network Is designed to 
support the control functions, or GAM functions. The op- 
tical transport network establishes end-to-end commu- 
nications, or a conrimunications p9jth,and.supervises the 
integrity of network connections along the communica- 
tions path. The continuity along the communications 
path is constantly monitored to detect loss of continuity 
and in the event of a signal within the data layer being 
interrupted, upstream and downstream networic entities 
along the path are notified. Finally, maintenance indica- 
tions are required for Indicating defects in a connection 
which is part of the communications path. 
[001 0] The control functions may be used by the net- 
work operator to provide routing, grooming, perform- 
ance monitoring, and/or protection and restoration. The 
control functions are a network priority because absent 
this functions there are no communications at all within 
the network. 

[0011] Several proposals have been raised to support 
a control plane comprised of wavelength routing and 
signaling functions In an optical network . The Interna- 
tional Telecommunications Union Working Group 15 
Recommendation G872 (ITU WG 15 G872) has defined 
the optical supervisory channel as point-to-point link be- 
tween optical transport network elements for GAM pur- 
poses. The optical supervisory channel according to ITU 
WG 15 G872 is a dedicated, point-to-point supervisory 
channel and there Is no build-in routing/signaling control 
functionality. 

[0012] The IETF "www.draft-awduche-mpls-te-opti- 
cal-OO.txt" has proposed the use of a separate IP net- 
work for routing/signaling control functionality. The sep- 
arate IP network is needed to support optical layer net- 
work routing/signaling of control massages. This sepa- 
rate IP network presents cost, perfonnance, and relia- 
bility issues similar to the actual public system telecom- 
munications network (PSTN) signaling network. By us- 
ing a separate IP network as a wavelength routlng/slg- 
naling platfomn, the reliability of the wavelength routing/ 
signaling functions will rely on the reliability of the IP net- 
work, which is known as having a low availability. 
[0013] Accordingly, there is a need for a supervisory 
control plane over wavelength routed networks capable 
of providing simple and reliable network-wide control 
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functionality and dynamic wavelength routing and sign- 
aling, at an affordable cost while potentially providing 
truly transparent perfomnance monitoring and OAM 
functions for supporting all-optical networking. 

5 

SUMMARY OF THE INVENTION 

[0014] It Is an object of the present invention to over- 
come the disadvantages of the prior art associated with 
the supervisory functions in an all-optical network. io 
[0015] According to one aspect of the invention, a 
method for out-band routing of control messages over 
all- optical networks, is provided. The method includes 
the steps of establishing communications paths for cus- 
tomer traffic in a data plane, each communications path 
being associated vyith a dedicated control channel for 
transmitting control messages, grouping all the dedicat- 
ed control channels so as to form a supervisory control 
plane which is logically separated from the data plane, 
and re-routing the control messages to an alternate con- 
trol channel using non-broadcasting addressable proto- 
cols. 

[0016] According to the invention, the supervisory 
network is a dedicated IP-based network to support dy- 
namic wavelength routing and signaling, and potentially 25 
supporting optical perfomnance monitoring. If a dedicat- 
ed supervisory channel fails, the control plane according 
to the invention can re-route the control and OAM mes- 
sages via an alternate path without declaring the com- 
munications path down, as the data plane is still working 30 
fine. Moreover, the IP addressability can be implement- 
ed in all control messages for optical routing/signaling 
protocols, performance monitoring, and OAM functions. 
[001 7] Advantageously, the networking costs and the 
complexity of the management are greatly reduced, 
while the reliability of routing/signaling functionality is in- 
creased. 

[001 8] The "Summary of the Invention" does not nec- 
essarily disclose 4ail the features essential for defining 
the invention. The invention may reside in a sub-combi- 
nation of the disclosed features. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The invention will be now explained by way of 
example only and with reference to the following draw- 
ings. 

Figure 1 illustrates the physical and the logical lay- 
ers of the Optical Internet; 

Figure 2 illustrates a part of an DWDM network 
showing interconnected nodes; 
Figure 3 illustrates an IP-based supervisory control 
plane over wavelength routed network, according 
to the Invention. 

[0020] Similar references are used in different figures 
to denote similar components. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] The following description is of a preferred em- 
bodiment by way of example only and without limitation 
to combination of features necessary for carrying the in- 
vention into effect. 

[0022] Dense wavelength division multiplexing 
(DWDM) provides higher capacity, longer reach , and 
lower cost per bit^mile. A wavelength is and end-to-end 
optical channel, or circuit of the same frequency from 
source to destination across a network. Figure 1 illus- 
trates a network 10 having a physical layer 14 and a 
logical layer 12. The nodes are illustrated with circles, 
and the optical network connection, or DWDM spans, 
are shown in double lines for the physical layer 14 to 
suggest a plurality of wavelengths (channels), while the 
control layer connectivity is^shown. in -thinjines.for the. 
logical layer 12. 

[0023] The physical layer 14 provides support for 
wavelength networking and tends to have thin connec- 
tivity relative to higher layers, or the logical layer 12 in 
the example of Figure 1 . Network 10 may be the Optical 
Internet which is a simplified and cost effective model, 
but nevertheless scalable and sufficiently functional, in 
this case, the physical layer 14 network may be a 
DWDM optical transport: network and the logical networi< 
may be an IP network, with data terminals connected at 
each node. Optical Internet 10 is for example, a fully 
connected network where each data terminal is con- 
nected to the data terminals at all other nodes. 
[0024] A typical network node of a DWDM network in- 
cludes the functions of demultiplexing a traffic signal, 
switching channels of the traffic signal to add and drop 
local channels, and multiplexing switched channels for 
transmission. The network node typically includes a 
controlling unit for operation, administration and main- 
tenance (OAM) functions, an optica! demultiplexer, an 
optical switch, and an optical multiplexer. 
[0025] Multiple optical signals at different wave- 
lengths can coexist in a fiber by using wavelength divi- 
sion multiplexing techniques (WDM). In Figure 2, the op- 
tical signal at wavelength XI is sent from node 21 to 
node 24; the optical signal at wavelength X2 is sent from 
node 22 to node 25; while the optical signal at wave- 
length X3 is sent from node 24 to node 27. As shown in 
Figure 2, two optical signals at different wavelengths 
share the same fiber segment between nodes 22 and 
25, or between nodes 24 and 25. 
[0026] In general, each optical fiber also carries an 
optical supervisory channel occupying a wavelength 
outside the traffic band. The traffic channels carry cus- 
tomertraffic. The supervisory channels carry system ad- 
ministration, signalling, and other overhead traffic here- 
inafter referred to as OAM traffic. 
[0027] For satisfying the optical layer network control 
requirements, a supervisory channel is dedicated to 
each span in an optical network. The dedicated super- 
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visory channels may be together considered as a sep- 
arate sub-network which has Individual needs, like rout- 
ing and distribution. 

[0028] Optical transport network is going toward dy- 
nannlc routing and signalling networking. As discussed 5 
before in connection with Figure 1 , the agile optically 
switched network 10 is composed of two planes: the 
physical layer or Date Plane 14 and the logical layer or 
Control Plane 12. Data Plane 14 comprises DWDM mul- 
tiple wavelengths to carry the user payload. Control io 
Plane 12 mainly performs wavelength routing and sig- 
nalling functions. 

[0029] According to the invention, a dedicated IP- 
based wavelength routing/signaling control plane for op- 
tically switched network which is not part of a separate is 
IP network, is provided. The mj WG 15 G872 point-to- 
point supervisory channel is hereby extended to a su- 
pervisory network together over the same DWDM netr 
work. 

[0030] The IP-based control plane is an out-band 20 
routing/signaling mechanism where the control informa- 
tion is transmitted over control channels which are dif- 
ferent from the data channels propagating the clienttraf- 
flc. The out-band routing/signaling mechanism does not 
require optical-electrlcal-optical (GEO) conversion for 25 
the Data Plane 14. The control plane can accommodate 
the various network topologies of the data plane and if 
one of the supervisory, or control channel fails, the IP- 
based control plane can re-route the traffic to destination 
using different paths without affecting the client traffic 3o 
over the data path. 

[0031] To support the out-band signaling mechanism 
for a supervisory network, a "n on -broadcasting" ad- 
dressability for optical control messages including: rout- 
ing and signaling, performance monitoring, and GAM 35 
functions is provided according to the invention. Non- 
broadcasting addressabiliy implies the use of specific 
destination IP addresses for the control of the IP pack- 
ets, as opposed to broadcasting the IP addresses to all 
nodes in the network. The use of a non-broadcasting 4o 
addressability requires upgrades in the current Imple- 
mentation of the optical routing/signaling protocols, e.g. 
the wavelength routing protocol (WRP) and the wave- 
length distribution protocol (WDP). 

[0032] In all-optical networks, all client traffic is prop- 45 
agated and delivered in an optical, or photonic format, 
without using OEG conversion. The optical, or photonic 
switch used in all-optical networks operates in the opti- 
cal domain only and thus, the transport transparency is 
not degraded. In addition, the optical switch saves pow- so 
er and can be easily upgraded. 

[0033] The present invention Is based on a ITU WG 
G872 supervisory channel concept extended to a super- 
visory control network. That is, the optical layer routing/ 
signaling building clocks on each switch, and the plural- 55 
ity of supervisory channels can form an IP-based, ded- 
icated network to support wavelength routing/signaling 
functions. 



[0034] As mentioned before, the dedicated supervi- 
sory channels may be considered as a separate sub- 
network which has individual needs, like routing and dis- 
tribution. One way to rapidly set up wavelengths through 
a DWDM network in case of a failure of a control channel 
is to use signaling together with dynamic routing, as de- 
scribed in US patent application "Two stage hybrid log- 
ical ring and path protection method for optical switching 
networi<s", filed on March 29 2000 and assigned to the 
same assignee (and its corresponding European Patent 
Application No. 01302630 filed on 21 March 2001) 
which Is incorporated herein by reference. Routing is 
used to collect network topology and resource informa- 
tion regarding the available control channels, and to 
compute wavelength routes for selecting an alternate 
control channel. Signaling is used to allocate resources 
and to setup, maintain and tear down wavelengths as- 
sociated with the. cpntroj channels. 
[0035] To achieve a unified packet in an optical 
switched network architecture, existing well-defined In- 
dustry standard routing and signaling protocols may be 
leveraged together with specific requirements of the 
wavelength routed network. Alternative protocols may 
include Open Shortest Path First (OSPF), Intermediate 
System-Intermediate System (IS- IS-IS, Private Net- 
work-Network Intert^ace (PNNI) and Multl- Protocol Label 
Switching/Label Distribution Protocol (MPLS/LDP). Yet 
another possible approach is the Signaling System Sev- 
en (SS7) which Is used In voice networks. 
[0036] The Wavelength Routing Protocol (WRP) sup- 
ports routing in optical switched networks, and compris- 
es two main components. First, the protocol obtains the 
information needed to compute or select wavelength 
routes. Secondly, wavelength routes capable of meeting 
a user's type of sen/ice request (SLA) are computed, or 
selected. 

[0037] The WRP protocol is based on the OSPF pro- 
tocol, which is a Level-3 routing protocol, with the ex- 
tensions of wavelength management and Infomnation 
on the status of available wavelengths and interfaces 
on each link. To support dynamic resource allocation 
and connectivity provisioning, the major extension in 
WRP includes new types of Link State Advertisement 
(LSAs) to distribute availability of wavelengths and in- 
terface service infonnation. In addition to topology 
changes, any other significant change of bandwidth 
availability, i.e. a change in the number of available 
wavelengths, would cause this new LSAs to be activat- 
ed. The WRP protocol may also support non-broadcast- 
ing inter-nodal 'Hello' adjacencies to monitor the status 
of multiple wavelengths over a physical communica- 
tions link. 

[0038] The WRP protocol can provide optical networic 
physical level protection and restoration for recovery of 
a control channel due to link or node failures. The net- 
work-wide protection and restoration capabilities of the 
WRP, which are complementing the optical physical lay- 
er linear and ring protection methods, can be used for 
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the restoration of the supervisory network. 
[0039] The Wavelength Distribution Protocol (WDP) 
is similar to MPLS/LDP (multi-protocol label switching/ 
label distribution protocol), with the extension of new 
Type, Length and Value (TV) infornnation, and related 
procedures. The WDP is a signaling protocol defined to 
setup, maintain, and release wavelength paths in an op- 
tical network. Similar to the LDP, the WDP treats wave- 
lengths as labels. The main function of the WDP Is con- 
nection management by wavelength grouping and map- 
ping (label banding) according to combinations of des- 
tination addresses and service type infornnation, i.e. ac- 
cording to the optical Forwarding Equivalence Classes 
(FEC). The WDP distributes these label bands with each 
optical FEC and can create various types of connec- 
tions, one being the Explicitly Routed (ER) path as de- 
fined in the constraint-based routing LDP (CR-LDP) pro- 
tocol. CR-LDP is believed to be an efficient solution for 
core network traffic engineering as regards the quality 
of services (QoS), path optimization, flexibility, and fail- 
ure recovery. 

[0040] Physically, a supervisory network 32 Is co-lo- 
cated with a payload data plane 34 network on the same 
DWDM switched network 30, as shown in Figures. Log- 
ically we have a separate and dedicated IP network 32 
for wavelength control purposes. The Layer-2 framing 
protocol over this supervisory network 30 could be PPP 
over SONET, or Gigabit Ethernet, or some other combi- 
nation such as the Simple Link Protocol (SLP) proposed 
by Lucent over digital wrapper. 

[0041] As shown before and illustrated in Figure 3, the 
point-to-point supervisory channels 36 can topologlcally 
be grouped together, and based on the Wavelength 
Routing Protocol (WRP) and WDP domains, to form the 
routing/signaling control plane 32 over network 30. 
[0042] In an optical .switch, the supervisory control 
plane 32 according to the Invention can be implemented 
by adding Layer-2 framing protocol processing over 
each of the dedicated wavelengths 36 on each DWDM 
link card which is connected to one fiber. Each of the 
dedicated wavelengths 36 constitute a "supervisory 
channel" as defined by ITU WG 15 G872. Accordingly, 
the Layer-2 framing protocol is running over a dedicated 
"supervisory channel". 

[0043] The plurality of point-to-point supervisory 
channels are considered an iP-based, meshed or ring 
supervisory network, corresponding to the DWDM to- 
pology of the network. Logically, the supervisory net- 
work is separated from the DWDM payload, or data, 
plane network. The WRP and WDP protocols, as well 
as the optical performance monitoring and the OAM pro- 
tocols will run over the supervisory network to support 
dynamic wavelength routing and wavelength distribu- 
tion. As discussed before, all these protocols are non- 
broadcasting addressable protocols. 
[0044] The present Invention extends the ITU WG 15 
G872 supervisory channel concept from point-to-point 
link to a supervisory network and thus, a supervisory 



network together with payload data plane over the same 
DWDM network is created. The supervisory network al- 
lows dynamic wavelength routing and signaling. The im- 
plementation of the new concept includes combining 

5 Layer-2 framing protocol with a dedicated wavelength 
to form a control plane over a wavelength routed net-- 
work. The IP-based wavelength routing/signaling con- 
trol plane of the invention does not depend on a sepa- 
rate IP network. Compared to the separate IP network 

10 solution discussed before, the invention provides for a 
low cost, low management complexity, and highly relia- 
ble control plane for DWDM optically switched network. 
[0045] Advantageously, if the supervisory channel 
fails, the control plane can re-route the control messag- 

15 es via an alternate control path to the destination without 
declaring the whole communications trail down, as long 
as the payload data plane is still working fine. 
[0046] Numerous modifications, variations, and ad-, 
aptations may be made to the particular embodiments 

20 of the invention without departing from the scope of the 
invention which is defined in the claims. 



Claims 

25 

1 . A method for out-band routing of control messages 
over all-optical networks, comprising the steps of: 

establishing communications paths for custom- 
30 er traffic in a data plane, said communications 

paths being associated with dedicated control 
channels for transmitting control messages; 
grouping said dedicated control channels so as 
to form a supervisory control plane which is log- 
35 ically separated from said data plane; and 

re-routing said control messages to an alterna- 
tive control channel using non-broadcasting 
addressable protocols. 

40 2. A method according to claim 1 wherein said step of 
forming said control plane includes combining Lay- 
er-2 framing protocols with a dedicated control 
channel. 

45 3. A method according to claim 1 or claim 2 wherein 
said non-broadcasting addressable protocols com- 
prising a wavelength routing protocol (WRP) for 
monitoring the status of wavelengths available on 
each link of said communications paths, and a 

50 wavelength distribution protocol (WDP) perfonning 
connections management according to combina- 
tions of destination addressed and sen/ice type in- 
formation. 

55 4. A method according to claim 3 wherein said wave- 
length routing protocol (WRP) is activated each 
time a change occurs in the network topology and 
in the bandwidth availability. 
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An optical switch for performing out-band routing of 
control nnessages over all-optical networks: 

means for establishing communications paths 
in a payload data plane network; means for s 
fomiing a supervisory control plane network by 
combining a Layer-2 framing protocol process- 
ing hardware with each dense division wave- 
length multiplexing (DWDM) link card: and 
means for re-routing said control messages to 10 
an altemate control channel using non-broad- 
casting addressable protocols. 
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